We analyze the legislative interaction of representatives from big and small states in a Bicameral legislature that decides for the allocation of a fixed resource among the states. We assume that the two houses are mal-apportioned and big states are underrepresented in the upper house. We study the effect of this and other institutional features on the relative welfare of big and small states and on equilibrium coalitions. Contrary to common belief, an increase in the representation of small states may reduce their expected payoff, ceteris paribus. Also, contrary to interpretations of minimum winning coalition theorems, excess majorities may occur in one of the two houses. When proposal making tends to be dominated by big (small) states, excess majorities occur in the upper (lower) house. We find that higher proposal power increases the payoff of a group of states. Changes in the majority requirements in the two houses and expansion to encompass more small (big) states have a non-monotonic effect on the relative welfare of the two groups. We conclude our analysis with an empirical application using calibrations results for the 103d US Congress and the legislative institutions of the European Union before and after the Treaty of Nice.
INTRODUCTION
As the above quotations underline, the competing interests of big and small regions (countries, states, or provinces) constitute a systematic source of political disagreement in the formative stages of supra-regional entities such as Federations or Unions 1 . This tension is fundamentally premised on small states' concern that legislatures elected on the basis of the one man, one vote principal are likely to afford clear majorities to the more populous states.
Historically, constitutional engineers have responded to this conflict between big and small states by designing bicameral legislative institutions with mal-apportionement in (at least) one of the two houses. Indeed, one of the most common forms of Bicameralism involves the overrepresentation of small states in the upper house. Small regions are over-represented in the upper houses of the US, the European Union (EU), Germany, and Russia, to name a few instances of 1 Although the analysis pertains to any political entity with region-based representation, from now on we will refer to the political entity as a Federation and the regions as states, unless the specificity of the reference demands otherwise. federal structures with strong Bicameral institutions 2 .
Underlying these institutional choices are assumptions about the types of coalitions that prevail among states in different legislative environments. Intuitively, the over-representation of small states in the upper house increases their (ex ante) welfare because it increases the likelihood that they are included in the winning coalition. But a number of additional intuitions dilute or counter the above.
For example, when considering the likelihood of inclusion of small states in the winning coalition it appears relevant to account for the relative numbers of big and small states and/or the majority requirements. Also, in at least some types of policy space such as distributive legislation, conflict of interest exists both within and between the groups of big and small states. If big states wish to exclude states of similar size from the winning coalition, then outcomes may be favorable to small states even in unicameral, well-apportioned legislatures. Finally, numerous studies of legislative bargaining in the tradition of Romer and Rosenthal, 1978, and Baron and Ferejohn, 1989 , emphasize the role of proposal power in the determination of legislative outcomes. Thus, in order to assess the effect of particular institutional configurations, unicameral or bicameral, it appears essential that we also consider the assignment of proposal rights among states.
In what follows we offer a systematic study of the effect of Bicameral legislative institutions 3 on legislative outcomes and the welfare of big and small states. Our results are relevant in cases when the underlying policy space is the division of a fixed resource (a budget) among states.
Representatives in both legislatures aim to maximize the share of the resource that accrues to their state and small states are over-represented in the upper house compared to their representation 2 In chapter 2, Tsebelis and Money, 1997, provide an exhaustive list of existing Bicameral legislatures. 3 Although we assume a Bicameral legislature our analysis extends directly to unicameral legislatures as special cases.
in the lower house. We characterize a stationary Nash equilibrium of this game as in Baron and Ferejohn, 1989 , and Banks and Duggan, 2000 4 . We focus on the types of coalitions that form among states and the share of the resource received by each type of state.
Contrary to widely held beliefs regarding the effect of mal-apportionement, we find that an increase in the over-representation of small states may reduce their expected payoff. The mechanism behind this counter-intuitive effect has to do with the direction of associated changes in the equilibrium number of small and big states included in the winning coalition. For example, increasing the representation of small states in the upper house implies that the same number of votes can be obtained with fewer such states. Thus it is possible that both the number of small states in the winning coalition and their expected payoff decrease as a result of more representation.
Another important expectation arising from theories of coalition building which we show does not necessarily supported in our analysis is that the size of winning majorities in distributive spaces is minimum 5 . Instead, in our analysis excess majorities may prevail in equilibrium in one of the two houses, and this likelihood varies systematically with probabilities of recognition. Lower house excess majorities occur when big states have low proposal power, while upper house excess majorities occur when small states have low proposal power.
We note that excess majorities occur even though coalitions are minimum winning in the spirit of Riker, 1962, i.e. equilibrium coalitions are such that if funds are removed from one state the proposal fails passage. Our result lends perspective to empirical studies of coalition size in bicameral legislatures. At a minimum, our findings imply that in empirical tests, the null hypothesis 4 Among models in the Baron Ferejohn tradition, ours is mostly related to those in Banks and of minimum winning coalitions (MWCs) should be specified in a manner that is consistent with observed majorities larger than 50% in one of the two houses.
Much like the effect of mal-apportionement, most other institutional features we analyze have a non-monotonic effect on the distribution of resources between the groups of small and big
states. An exception is the effect of proposal power: the ex ante expected payoff of each type of state increases with higher overall probabilities of recognition for that group 6 . Not only is the effect of probabilities of recognition monotonic, it is also significant. Irrespective of the remaining features of the legislative environment (bicameralism, majority requirements, apportionment, etc.), the equilibrium expected share of funds received by the group of small states spans the entire range of possibilities between zero and one by appropriate assignment of proposal rights between big and small states. This finding underscores the importance of other institutional dimensions of constitutional bargaining among states if proposal rights can be explicitly guaranteed in the
Finally, we analyze the effect of two additional institutional features. First, we find that an increase in the majority requirement in one of the two houses also has a non-monotonic effect, although generally it favors (does not harm) the type of states (big or small) this house overrepresents. Second, we consider the effect of changes in the number of states within the groups of big and small states. We find that expansion to include more states of a particular type reduces the relative payoff of that group. For example, an increase in the number of small states reduces the probability that any one small state is included in the winning coalition. This effect may be reversed if expansion brings about a concomitant increase in the probabilities of recognition for that group. These results are particularly relevant for federations that consider expansion, as is the case currently for the EU.
While our agenda is primarily theoretical, we also consider empirical applications of the model using data on the institutional configuration of actual legislatures. We apply a calibration procedure to the institutions of the 103rd US Congress and the EU before and after the recent A brief outline of the paper before we proceed with our analysis. In section 2, we describe the basic assumptions regarding the institutional make-up of the two houses and legislative interaction.
We characterize a stationary equilibrium of the resultant game in section 3. In section 4, we present additional equilibrium comparative statics. We present our calibration results in section 5, and conclude with section 6.
THE MODEL
States: There are s > 1 small and b > 1 big states. In an obvious notation, denote the type of state by T ∈ {S, B}. The assumption that there are only two types of states is a simplification justified by our focus on the study of conflict between big and small states and the political significance of this dimension of conflict for the emergence and prevalence of historically important legislative institutions. As our introductory quotations illustrate, our model replicates the heuristics used by actual political actors in these environments whose political motivation and decisions are often guided exactly by the crude distinction between big and small states. It is thus interesting to study this clean yet naught straightforward to analyze model without assuming heterogeneity within groups.
Upper House: We assume an Upper House where each small state is represented by one legislator, while big states have c ≥ 1 legislators, i.e. there are a total of N U = s+cb representatives in the upper house. M U votes are required in order for a bill to be approved with
Lower House: Big states receive relatively higher representation in the lower house, which has a total of N L = s + kb representatives and big states receive k > c each. M L votes are required for a bill to be approved, with
Note that the assumption that small states receive one representative in both the upper and lower house is only a normalization. Also, we assume k and c to be integer valued, but this assumption is not necessary for the interpretation of the model. Our results also hold if we assume that k and c reflect voting weights and take any value larger than one.
Legislative Outcomes: The task before this Bicameral legislature is to divide a fixed budget (a dollar) among the states. Let the set of these outcomes be denoted by X. Represent elements of X by vectors x = (x 1 , ..., x s , x s+1 , ..., x s+b ); the first s coordinates correspond to the amount allocated to each of the small states and the remaining b represent the allocation to big states.
Obviously, x i are non-negative and
Legislators: There is a set N with a total of |N | = N U + N L legislators and generic element legislator l. These legislators only care about the amount of funds received by their state and discount the future by a common discount factor, δ, such that 0 < δ < 1. Thus, legislators from the i-th small state in either the lower or upper house have utility function u S i (x, t) = δ t−1 x i , where t is the period in which a decision is reached, and similarly legislators from the j-th big state have Recognition is probabilistic as in Baron and Ferejohn, 1989 . Unlike their formulation, it is convenient for the purposes of this analysis to refer to the probabilities of recognition of states, not individual representatives. Specifically, in each period big states are recognized (meaning that any one representative from a given big state is chosen to make a proposal) with probability p > 0, while small states are recognized with probability q > 0. As a consequence, p and q must be such that sq + bp = 1. We will often refer to the overall probability, P ≡ bp, that big states are recognized and similarly that for small states, Q ≡ sq.
Important institutional features are buried under these assumptions. For instance, the reader may have noticed that we make no particular reference to the order via which each house is voting on the proposal, nor whether the proposer is drawn from the lower or the upper house. This does not matter in our analysis because probabilities of recognition are identical in each period.
Thus, one interpretation of our model is that the resolution of inter-cameral conflict takes place via sequential voting and origination of proposals by the two houses as provided by (infinite round) navette institutions, but the probabilities of recognition of small and big states are identical in the lower and upper houses.
For other bicameral institutions we do not need the assumption that probabilities of recognition are identical in the two houses. Under one such instance the two houses convene in joint session so that votes are taken simultaneously, but a majority in each house is still required for a proposal to pass. This is the essence of interaction in a Conference Committee under a 'unit rule', as is provided for the resolution of disagreements between the two houses in the US Congress. A particular version of Navette institutions also fits this description, when legislation must originate from one of the two houses and there is only one round of inter-cameral negotiation.
Finally, while our assumptions are restrictive in some respects, they allow for more generality in others. Thus, as we point out in Remark 1 of section 3, our basic results extend directly to more complex institutional environments of bargaining among big and small states when it comes to requirements for approval of proposals. With those remarks on the interpretation of the model, we can proceed to the analysis of this game.
EQUILIBRIUM ANALYSIS
In this section we first develop some additional notation and define the equilibrium concept on the basis of which we solve this bicameral legislative bargaining game. We then state our equilibrium results in Proposition 1.
We focus equilibrium analysis on stationary, no-delay, Nash equilibria. For a justification of this equilibrium refinement see Baron and Kalai, 1993 . General, existence of such equilibria is not at issue due to the results of Banks and Duggan, 2000. By no-delay we mean that equilibrium proposals always obtain majorities in both houses so that the first legislator recognized proposes an allocation that is accepted and the game ends in the first period. The stationarity assumption amounts to the restriction that players choose the same action in every structurally equivalent subgame.
A pure stationary proposal strategy for each legislator, l, is a proposal z l ∈ X, when l is recognized in any given proposal period. A stationary voting strategy is an acceptance set symmetric proposal strategies by µ T and denote the probability with which proposal (σ T , β T ) is
Define the expected number of small states chosen under strategy µ T by a proposer of type T ∈ {S, B} as
, and similarly The continuation value for players of each type of state is defined as the expected utility from the game if this happens to move in the next proposal period. Denote this continuation value by v T , T ∈ {S, B}. For any proposal strategies µ B , µ S this continuation value can be written as:
for legislators from big states. Factoring out terms, equation (1) reduces to:
8 Notice that proposal strategies of the form (σ T , β T ) already represents mixed strategies since states included in the coalition are chosen randomly from the respective group. 9 Summation is justified since there are only a finite number of possible coalition pairs.
Similarly, the continuation value for legislators from small states can be derived as:
We can now state the definition of the equilibrium concept as a set of three conditions:
Definition 1 A symmetric, 'no-delay,' stationary Nash equilibrium in stage undominated voting strategies is a set of voting strategies, V * l , and proposal strategies µ * T with allocated amounts x * T ,
T ∈ {S, B}such that: The two dotted lines in Figure 1 represent constraints (4a) and (4b). These constraints simply require that the maximum number of big and small states that may be part of the winning coalition cannot be larger than the number of existing big and small states (minus the proposers's state). Finally constraints (4e) and (4f)) restrict proposals on a lattice in the positive orthant. As a result of all the above constraints, only the coalitions highlighted in Figure 1 are feasible choices for the proposer. The proposer's task then is to choose that among the feasible proposals that minimizes her 'cost': Figure 1 depicts the cost function in (5) for two possible levels of cost C 1 , and C 2 . Note that the slope of these curves is given by the ratio of continuation values w ≡
. It is obvious that among all curves with slope w =
, the one associated with cost C 1 minimizes the proposer's cost and, hence, the proposer optimizes by choosing the coalition represented by point L 1 . In other words, no feasible coalition involves a smaller cost level than C 1 .
The geometric exposition in Figure 1 suggests that the optimum of the proposer depends But, in turn, the ratio of continuation values, w, depends on which one(s) of the feasible coalitions are chosen, as is obvious by inspection of equations (2) and (3). Thus, an equilibrium in this game reduces to the following 'fixed point' calculation: the optimal proposals from legislators of both big and small states must determine a value for the ratio of continuation values, w, such that the optimality of these proposals is preserved i.e., given w =
, all pairs (σ T , β T ) chosen with positive probability constitute optima for the optimization problem of the proposer in Condition 1.
In what follows, we show that such a fixed point exists for all values of the probability of recognition of big states P . Furthermore, both the incidence of oversized coalitions and the distributional outcome between small and big states change in a systematic way with this parameter.
In order to state these results we need a last definition. Specifically we define proposals that induce an excess majority as follows:
Definition 2 A proposal induces an excess majority in the upper (lower) house if a different proposal that is otherwise identical except for the fact that funds are removed from a single state obtains majority approval in the upper (lower) house.
We can now state the following equilibrium result:
Proposition 1 There exists a symmetric, 'no-delay,' stationary Nash equilibrium in stage-undominated voting strategies for all values of the overall probability of recognition of big states, P , in the interval
. It is such that:
1. The expected number of small, σ T , (big, β T ) states included in the coalition by proposers from either type of state is non-decreasing in the probability of recognition of big states, P .
The ratio of continuation values
is continuous and non-increasing in the overall probability of recognition of big states, P , and takes all values in (0, +∞).
3. Each proposal (σ T , β T ) played with positive probability may induce excess majorities in one of the two houses, but not in both.
4. If P 0 ∈ [0, 1] is the maximum (sup) value of P for which excess majorities occur in the lower house by proposers of type T ∈ {S, B}, then expected majority in the lower house (σ T + kβ T )
does not decrease as P decreases for P < P 0 .
5. If P 00 ∈ [0, 1] is the minimum (inf ) value of P for which excess majorities occur in the upper house by proposers of type T ∈ {S, B}, then expected majority in the upper house (σ T + cβ T )
does not decrease as P increases for P > P 00 . 
increases (decreases). Oversized coalitions occur when
proposal making tends to be dominated by one of the two types of states. Also, oversized majorities that occur when one type of state has less access to proposal making are encountered in the House this state is over-represented: Lower House excess majorities tend to occur when big states have small overall recognition probability (low P ), and Upper House oversized majorities tend to occur when small states have small recognition probability (high P ).
We note that the characterized equilibrium (and hence many of the above findings) are consistent with additional restrictions as to the number of big and/or small states required for approval of a proposal. Indeed, the proof of proposition 1 allows a more general result:
The equilibrium constructed in the proof of proposition 1 and parts 1 and 2 of that proposition hold if we impose arbitrary additional constraints on the combinations of numbers of small and big states that are necessary for approval of proposals. It suffices to specify arbitrary, common, non-empty set of winning coalitions of the form (σ T , β T ) for each type of proposer T ∈ {S, B}, not just the feasible coalitions determined by constraints (4a) to (4f).
Remark 1 is useful when we consider the institutions of the EU, among others. As specified in the Treaty of Amsterdam (article 251) one requirement on winning coalition in addition to those we have introduced in this model is that at least ten member-countries approve a proposal in the Council of Ministers. The equilibrium with this and similar additional requirements on winning coalitions can be calculated with the algorithm in the proof of Proposition 1, a fact we exploit in the calculations of section 5.
REQUIRED MAJORITIES, APPORTIONMENT, & EXPANSION
In the last subsection we characterized a stationary equilibrium and analyzed the effect of changes in the overall probability of recognition of big and small states on the composition of Deciphering the effect of these parameters on the ex-ante distribution of resources between small and big states is more involved. One difficulty is substantive. Unlike the case with probabilities of recognition, the effect of changes in these parameters is not monotonic. This makes for some counter-intuitive findings, which we discuss in due course. Preceding this difficulty, though, is a technical one. Since the equilibrium involves optimization via integer programming and many of these parameters are integer valued, standard calculus arguments are not directly applicable.
While we were able to overcome this difficulty when analyzing comparative statics with regard to probabilities of recognition, P ,and excess majorities, a similar direct analytic approach becomes extremely cumbersome for most of the remaining parameters we consider.
Thus, we offer two alternatives to analytic results. First, we calculate comparative statics for the continuous version of the model, i.e. ignoring the restriction to integer solutions for the proposers' optimization problem. As can be verified by inspection of Figure 1 , the solutions of the linear programming problem of the proposer with and without the integer restriction are very similar. Thus, with the obvious caveat that these results do not constitute exact comparative statics, we assume that the continuous approximations capture the effect of these parameters, especially for large legislatures 10 .
A second alternative, which we also pursue, is numerical simulation. Proposition 2 An increase in the majority requirement in the upper house, M U , (lower house, M L ) has no effect on the relative welfare of big and small states if an excess majority prevails in that house or when mixed proposal strategies are used. In the remaining cases, an increase in M U (M L ) increases the welfare of small states if 0 < σ T < s (0 < β T < b) and has a negative effect if
Obviously, (small) changes in the majority requirement in the upper or the lower house do not change the equilibrium in cases when the corresponding majority constraint (equations (4c) and (4d)) is not satisfied with equality. In those cases feasible coalitions remain unaltered in the relevant portion of the feasible set. This 'no effect' result also holds whenever the proposers use mixed proposal strategies; in those cases it is the mixture probabilities that are affected but not the relative welfare of the two types of states. In the remaining cases, increasing the majority requirements in any one house increases the relative welfare of the state this house over-represents, unless all or none of these states are included in the equilibrium coalition. For example, an increase in the majority requirement in the upper house increases the expected payoff of small states, except if all small states or none of the small states (besides the proposer) are part of winning coalitions in equilibrium. In the latter cases the additional votes that are required due to the increase in the majority requirement are drawn from big states, hence it is big states that benefit. an increase in k also increases the probability of recognition of big states P .
To account for the possibility of concomitant changes in majority requirements M U , M L , and probabilities of recognition , P , we report comparative statics according to a number of assumptions.
First, throughout we assume that the fraction of the majority requirement in each house remains
s+cb do not change with changes in k, c. With regard to the probability of recognition of big states, P , we analyze comparative statics under four benchmark cases: (i) the case the probability of recognition of big states P remains constant after such changes;
(ii) the case when proposers are drawn randomly among legislators in the Lower House (P = In most cases the ex ante share of the dollar received by big states increases (or does not decrease) with increases in their representation, as expected. Cases when the effect is negative involve situations when a minimum winning coalition prevails in the House where the increase takes place and one of two possibilities: either σ S = σ B = 0 in which case the increased representation of big states means that fewer big states are necessary for passage of a proposal than before, or when β S = β B = 0 in which case the concomitant increase in the majority requirement implies that more small states are now included in the winning coalitions than before. In the above cases the expected payoff of big states decreases if overall probability of recognition remains constant.
These counter-intuitive comparative statics are partially (or fully) offset if along with increases in k, c there is a concomitant increase in the probability of recognition of big states, P . The latter is clearly the manifestation of the monotonic effect of this variable established in part 2 of Proposition 1. Finally, there are cases when the effect of increases in c, k may go in either direction. This is when MWCs prevail in both Houses.
Expansion: Finally, we consider the effect of an expansion of the federation to include more small states, s, or more big states, b. As for the analysis in the previous subsection we qualify these comparative statics depending on the assumption about concomitant changes in the probability of recognition of big states P and assume the ratio of majority requirements in each House constant. The reader may consider the above result counter-intuitive and expect an increase in the size of a group of states to improve outcomes for that group. Underlying this intuition is the idea that the group can somehow coordinate and/or act as a single player in order to achieve collectively better outcomes. This mechanism is not at work in our analysis. It is applicable if we revoke the non-cooperative foundation of our analysis, or expand the set of admissible equilibria to include non-stationary behavior and similar strong coordination assumptions on the part of legislators from a group of states. In the current analysis we separate the forces that arise from such complex, coordinated behavior from the pure effects that emerge in an environment where such cooperative behavior is not present, and focus on studying the latter.
APPLICATIONS WITH CALIBRATED LEGISLATURES
We conclude our analysis with numerical calculations of equilibria for particular parameterizations of the model. Our investigation is both empirical and theoretical in nature. We provide results that apply to actual legislatures calibrated to fit the model's parameters. We emphasize that the obvious caveat applies that the calculations we are about to report are performed under the assumption that inter-cameral bargaining in the legislatures we calibrate is identical to bargaining in the model. Since actual legislative institutions differ in many respects from the institutions we assume, these calculations should be taken with a grain of salt. They are interesting substantively to the extend that they serve as counter-factual predictions of real world outcomes under the institutions of our model. Also, because they allow the reader to develop a sense of the range of predictions that arise from this model in familiar legislative environments. <<Insert Table 1 Simple double majority provides that supporters of a successful proposal in the Coucil of 12 We have written software that implements that algorithm, which is available upon request. 13 On 31 March 1998, accession negotiations were started with six applicant countries -Hungary, Poland, Estonia, the Czech Republic, Slovenia and Cyprus. 103rd US Congress: We report the calculated equilibria for the US Congress in Table 2 .
We only report results for a discount factor δ = .9, since findings do not differ markedly for lower values of this parameter. The probability of recognition of big states, P , ranges from 0.1 to 0.9. We report the ratio of the ex ante expected payoffs for the two types of states, w, the size of expected winning majorities 14 in the Senate and House of Representatives, as well as the expected number of big and small states receiving funds.
<<Insert Tables 2 and 3 European Union: In the case of the EU our primary focus is on the distributional outcome between big and small states. The balance of power between big and small states was at the center of negotiations that led to the Treaty of Nice. We report our calculations in Table 3 . Again, we report results assuming δ = .9 throughout. As we have already pointed out, the institutions of the EU are somewhat more complex than those we assume in section 2, in that successful majorities in the Council of Ministers must satisfy additional constraints besides the majority constraints (4d) and (4c). This poses no problems for our analysis as we have already stated in Remark 1. It is interesting, though, to assess the consequence of these additional requirements, hence we calculate equilibria both with and without these additional constraints being in effect. Our findings can be summarized as follows.
First, under all alternative institutions we consider before and after expansion, small states receive a higher expected payoff than the one predicted under equal per capita allocation, unless we assume that big states completely dominate proposal making (P close to .9). The second finding that stands out from these calculations is that the advantage of small states diminishes under the institutional changes adopted in Nice. Although the magnitude of this expected loss may vary depending on the parameters of the model, this finding is robust. Small states lose for virtually the entire range of values for probabilities of recognition (P < .9) and irrespective of whether we assume that the EU expands or not.
On the other hand, the effect of the institution of simple double majority proposed by the Commision changes significantly depending on assumptions about probabilities of recognition. If we assume that big states make proposals more than roughly 50% of the time, then big states benefit from simple double majority more than they would benefit under the institutions that prevailed in Nice. For values of P below (roughly) 50%, though, simple double majority is better for small states even compared to the outcomes under the status quo provision of the Treaty of Amsterdam assuming no expansion.
Third, because expansion is disproportionately to small states 15 , small member states of the EU stand to lose from expansion under both the institutions adopted in Nice or the alternative of simple double majority. We point out, of course, that this is a relative loss: small states receive a smaller fraction of the dollar compared to big states. The net effect of EU expansion for distributive allocations depends on the concomitant change on the size of the dollar. Relative and absolute losses coincide only if the dollar increases proportionately with expansion.
A final finding has to do with the consequences of the additional constraints imposed by the EU Treaties for decisions in the Coucil of Ministers. A glimpse at Table 3 suggests clearly that the requirement that ten member states approve decisions in the Council under the Treaty of Amsterdam favors small states. On the other hand, the requirement in the Treaty of Nice that member states approving proposals account for 62% percent of EU's population has no consequence.
This threshold is too low to have an effect in equilibrium. Finally, the equivalent requirement under simple double majority that states approving proposals account for 50% of EU's population favors big countries.
15 Of the 12 countries that have been invited for accession negotiations, only Poland is considered big. Note that calculations in Table 3 reflect concomitant changes in the representation parameters as well.
CONCLUSIONS
We analyzed bargaining for the distribution of a fixed resource among big and small states in a bicameral legislature where the two groups may be unequally represented in each house. We found that institutional features have important and sometimes unexpected consequences for a number of aspects of legislative interaction. One counter-intuitive result of our analysis is that an increase in the representation of small states may actually reduce their expected payoff.
With regard to equilibrium coalitions, we showed that excess majorities may occur in one of the two houses of the bicameral legislature. This is because voting by representatives in the two houses is correlated and, as a result, bare majorities need only occur in one of the two. Assuming that big states are under-represented in the upper house, excess majorities tend to occur in that house if big states make proposals with high probability while excess majorities tend to occur in the lower house if small states make proposals with high probability. Small states are more likely to form part of the winning coalition if they make proposals with lower probability.
Probabilities of recognition have important additional consequences for the relative welfare of big and small states. As probabilities of recognition increase, the expected payoff of the corresponding group increases. In fact, every possible ex ante division of the dollar between the two types of states can be achieved in equilibrium by appropriate assignment of proposal power.
Other institutional features induce effects that are not monotonic, much like the effect of mal-apportionement. An increase in the majority requirement in either House generally favors the group of states the corresponding house over-represents. The effect is reversed if equilibrium proposals involve coalitions that exclude or include all other states from that group besides the proposer.
Finally, if the legislature expands to represent more big (small) states then the expected relative payoff of big (small) states decreases, since any one state in that group has smaller chances of being included in the winning coalition. This effect may be reversed if the expansion increases the proposal making power of that group.
We coupled these theoretical findings with simulations for the 103rd US Congress and the legislative institutions of the EU. We calibrated the parameters of our model with the institutional design of these legislatures and calculated equilibria in accordance with our theoretical analysis.
Under the model's assumptions about inter-cameral bargaining, we found that the institutions of the US Congress and the EU favor small states relative to the benchmark of equal per capita allocations. We also found that the pending expansion of the EU is to the advantage of big countries when it comes to distributive legislation. The institutional changes adopted in the Nice Summit Lastly, we point out that while our model is rich in some respects, it is coarse in others.
This enters obvious caveats for our theoretical and empirical findings. First, our conclusions for the balance of power between big and small states apply in the context of distributive politics. (2), (3), and P = bp = 1 − Q allows us to solve for the continuation values:
On the basis of the above we obtain the ratio of continuation values w = v S v B as:
We now state some non-equilibrium comparative statics for this ratio of continuation values:
Lemma 1 For any given expected coalition, w is a continuous function of P ∈ (0, 1) and as P increases, w decreases.
Proof. From equation (7) note that
> 0, because of constraints (4a) and (4b) and the fact that 0 < δ < 1. Hence
Lemma 2 lim P →0 w = +∞ and lim
Proof. We have lim
1−P P = 0, and
> 0 is bounded from above -by constraints (4a), (4b), and (4e) and the fact that 0 < δ < 1.
We can now prove Proposition 1.
Proof of Proposition 1. By construction (the reader is referred to Figure 1 for a visual aid in the analysis to follow). Let F T be the set of coalitions that satisfy constraints (4a) to (4f) for proposer of type T . This set is non-empty since unanimous coalitions are always an element of this set. Let H (F T ) be the convex hull of F T and H (F T ) the boundary of H (F T ). Define
e. the set of points that have minimum abscissa (ordinate) among all points with the same ordinate (abscissa), and let
, which is clearly non-empty. It follows that for distinct (σ T , β T ) ,
T . Thus, we can assign an index i = 1, ..., |O T | to each element of O T and write
T . Define the slope, α i T , between consecutive -according to the above enumeration -
< 0, i = 1, ..., |O T | − 1, and set α
T¯. Now inductively construct G pairs of coalitions I g for proposers from big and small states respectively with
For each By construction
with one of the two inequalities strict. Applying equation (7) solve w = α g for P to get
, and solve w = α g−1 to get P
proposal strategies that involve proposers from big or small states choosing the corresponding element of I g with probability µ g and that of I g+1 with ¡ 1 − µ g ¢ , and for such proposals solve w = α g forµ g :
Then the following constitute optimal equilibrium proposals for all P ∈ (0, 1):
S´i are proposed with probability 1.
i , I g are proposed with probability µ g , and I g+1 with probability
Before we show optimality, notice that the expression in (8) is a well-defined probability 
The result follows from the last relationship since ³ e σ T , e β T´i s proposed with higher probability as P decreases.
Part 5: Mutatis mutandis as in part 4.
APPENDIX B: CALIBRATION PROCEDURE
In this Appendix we describe the procedure used to calculate the calibrated parameters reported in Table 1 . Consider an actual Bicameral legislature with n represented states and denote the population of state i by P i , the number of representatives of this state in the upper house by U i , and that in the lower house by L i . Hence, the actual size of the upper house is
being the corresponding majority requirements.
Our problem is to find values for the parameters of the model b,
closely fit these data. As our 'closeness' measure, we use a least squares criterion.
Specifically, suppose for a moment we could partition the n states into b s > 0 small and 
i.e. to choose values for the 'typical' representation of small and big states b U S , b U B in a way that minimizes the squared deviation of this choice from the actual number of representatives. This problem has the following simple solution b 
, and b c = U B U S
. Similarly for the lower house we can
, where b L S , b L B are the estimates derived from the same procedure as in the minimization program in B.1 but for the lower house data.
All that remains then is a criterion to determine the group of b s small and b b large states. This we can do on the basis of the population, P i , of these states 16 . Again the same principal applies in that we conceive of states in each group as having the same population {P S for small states and P B for big states) and then choose P S , P B and separate the states into two groups in such a way so as to minimize the sum of squared deviations of actual population size from P S , P B as appropriate. Specifically, if non-empty S, B are sets that constitute a partition of the set of states
.., i, ..., n}] we need solve the following minimization problem:
But this is computationaly straightforward since it is obvious that a solution to this problem must
P i∈B P i , and max i∈S P i ≤ min i∈B P i . The latter condition implies there are only n − 1 candidate partitions of the set of states so we can trivially calculate the optimal partition among this finite number of possible solutions. 16 In the case of the US Congress, this procedure was applied on the data for representation in the Lower House, L i , instead of the actual population of the states, P i , since the two correlate highly. 
